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Motivation
Allosteric regulation offers a highly specific way to modulate protein function. Therefore, understanding and exploiting this mechanism is of increasing interest for protein science and drug discovery. Allosteric inhibitors have been shown to be effective in targeting multiple conformational states and to be more selective than competitive inhibitors [1, 2] . However, allosteric signal transmission is difficult to model because it is often mediated by small local changes propagating along multiple pathways in the protein structure [3] . To address this, we developed a method to identify these pathways by an information-theoretic analysis of Molecular Dynamics (MD) simulations. Local motions are modeled as transitions between canonical states of protein fragments, the dynamics of the system is reduced to a network of correlated local motions and signal propagation is described as an information exchange through the network.
Methods
Conformational ensembles extracted from MD simulations were analyzed in three steps to identify functionally implicated residues and motions. First, the ensembles are mapped onto a canonical set of representative fragments, i.e. a set of discrete 4-residue states in conformational space. These were previously derived from the most populated conformations in a representative subset of the PDB database and can be considered as 'low-energy' conformations [4] . By this mapping, the contribution of rigid fragment roto-translations is removed and potentially relevant changes in local conformations are easily detected, even if subtle. Second, local motions are modeled as transitions between the fragment states. The introduction of discrete states removes harmonic high-frequency fluctuations, which may be considered background noise in terms of functional motion. As previously reported, transitions between fragment states are able to correctly describe the extent of protein motions [4] . Third, the communication between different parts of the molecule is modeled by the coupling (correlation) of fragment transitions. Correlated transitions can be resolved spatially and temporally. The time-averaged spatial couplings over a whole trajectory are analyzed with a network model of fragment correlations to identify the most important fragments. The timeresolved analysis of fragment couplings between the allosteric and active sites reveals the sequence of local events along the main communication pathways. This analysis sketches out the internal workings of allosteric function and how they are encoded in the protein structure.
Results
The method was applied to the NtrC receiver domain to explain its allosteric mechanism. The comparison with the networks of the homologous proteins CheY and FixJ highlighted hidden similarities in the dynamics of their functional regions. The overall results are consistent with the emerging picture of allosteric regulation [3] : a preorganized network of fragment couplings and connections between the allosteric and functional sites exists already in the inactive state, and fragments with high network centrality (hubs) are mostly found in functionally relevant regions. In addition, the use of discrete states from a Structural Alphabet allows the detection of subtle relevant motions.
